In this paper, we analyze the performance of cognitive radio (CR) systems over different composite generalized multipath /shadowed fading scenarios. The − shadowed and FisherSnedecor ऐ fading channels which are proposed as a simple and high accurate distributions in comparison with generalized-K (KG) and Nakagami-shadowed conditions are used in this analysis. For the − shadowed, a novel simple exact closed-form analytic expression for the probability density function (PDF) and the cumulative distribution function (CDF) are introduced by assuming the fading parameters are integer numbers. To this end, the detection performance metrics, namely, the average detection probability and the average area under the receiver operating characteristics curve (AUC) which are used in the analysis of energy detection and the effective rate and the effective rate are derived. To validate the results of this work, comparisons between the simulated and numerical results as well as with various conventional channel models and scenarios are given.
The rest of this work is structured as follows. The PDF of ߢ − ߤ and Fisher-Snedecor ℱ fading channels are given in Section II and Section III, respectively. Section IV provides the performance metrics that are used in the analysis of ED. The effective rate is analyzed in Section V. The numerical and simulation results are given in Section VI. Section VII concludes the presented ideas.
II. SIMPLE CLOSED-FORM PDF OF ߢ − ߤ SHADOWED FADING SCENARIOS
The moment generating function (MGF) of the SNR, ߛ, over ߢ − ߤ shadowed fading scenario is expressed as [5, 
The PDF of ℳ ఊ భ ‫)ݏ(‬ and ℳ ఊ మ ‫)ݏ(‬ can be computed by using the inverse Laplace transform, i.e.,
where
is the Gamma function.
To find the PDF of the ߢ − ߤ shadowed condition, the convolution between ݂ ఊ భ (ߛ) and ݂ ఊ మ (ߛ) is carried out as follows
Substituting (3) in (5), this yields
Assuming ݉ ∈ ℤ ା and using (ܽ − ܾ) = ∑ ൫ 
where 
where (. ) is the Pochhammer symbol.
III. THE PDF OF FISHER-SNEDECOR ℱ FADING SCENARIO
The PDF of the SNR, ߛ, using Fisher-Snedecor ℱ distribution is given as [16, eq. (5) ]
are the number of multipath clusters, the shape parameter, the average SNR and the beta function, respectively.
IV. PERFORMANCE ANALYSIS OF ENERGY DETECTION BASED SPECTRUM SENSING OF COGNITIVE RADIO USER

A. Average Probability of Detection
The instantaneous detection, ܲ ௗ (ߛ, ߣ), and false alarm, ܲ (ߣ), probabilities for the ED model that is employed in this work are, respectively, given by [18] ܲ ௗ (ߛ, ߣ) = ܳ ௨ ൫ඥ2ߛ, √ߣ൯ (8) and
where ‫ݑ‬ is the time-bandwidth product, ܳ ௨ (. , . ) is the ‫ݑ‬th order generalized Marcum-Q function, and
is the upper incomplete Gamma function. The average probability of detection, ܲ ത ௗ (ߣ), can be evaluated by [6, eq. (10)] (10) 1) ߢ − ߤ shadowed fading channel: Plugging (6) and (8) in (10), this yields
With the help of [19, eq. (3) ], both integrals in (11) can be calculated in exact closed-form as follows
ቁ with ‫ݐ‬ ∈ ሼ1, 2ሽ and ‫ܨ‬ ଵ ଵ (. ; . ; . ) is confluent hypergeometric function defined [17, eq. (9.14.1), p. 1010]. In contrast to [6] , [9] - [12] in which the ܲ ത ௗ (ߣ) over ߢ − ߤ shadowed fading channel is either approximated or included an infinite series, (12) is given in exact closed-form expression.
2) Fisher-Snedecor ℱ Fading Channel: Inserting (7) and (8) in (10) 
Employing [20, eq. (2.9)] to evaluate the integration in (13) and doing some simple straightforward mathematical operations, the result is
where ܷ(. ; . ; . ) is the confluent Tricomi hypergeometric function of the second kind. One can observe that (14) is expressed in terms of an infinite series. It can be noticed that both ܷ(. ; . ; . ) and ‫.(ܩ‬ , . ) in (15) are decreasing with ݆. Consequently, after following the same procedure in [19] and performing some mathematical manipulations, the result is
To represent the infinite series of (16) in closed-from, we can employ the confluent hypergeometric function defined by [17, eq. (9.14.1), p. 1010]
Hence, the following closed-form expression is yielded
B. Average Area under the ROC (AUC)
The average AUC, ‫ܣ‬ ̅ , can be computed by [12, eq. (4)]
For the ED model that is given in (8) and (9) 
2) Fisher-Snedecor ℱ Fading Channel: Substituting (7) and (20) in (19) and using ‫‬ ݂ ఊ (ߛ)݀ߛ ≜ 1 ஶ , we have
Invoking [20, eq. (2.9)], (23) can be evaluated in closed-form as follows
V. EFFECTIVE RATE ANALYSIS OF COGNITIVE RADIO USER
The effective rate, ℛ, can be evaluated by [13, eq. (1)]
where ‫ܣ‬ ≜ Θܶ‫/ܤ‬ ln 2, Θ, ܶ, and ‫ܤ‬ denote the delay exponent, block duration, and bandwidth of the system, respectively. 1) ߢ − ߤ shadowed fading channel: Inserting (6) in (25) and utilizing [20, eq. (2.9)] to compute the integral, the result is
2) Fisher-Snedecor ℱ Fading Channel: Plugging (7) in (25), this yields
With the aid of [17, eq. (3.197 
VI. ANALYTICAL RESULTS
To validate the derived expressions, this section provides the numerical and simulated results which are generated by Monte Carlo for 10 iterations. In all figures, the solid lines stand for the simulated results whereas the marks represent the numerical counterparts. The parameter, ܵ, that is employed to converge the series in (14) is chosen to satisfy seven figure of accuracy. Figs. 5 and 6 demonstrate the effective rate versus the average SNR, ߛ̅ , over ߢ − ߤ shadowed and Fisher-Snedecor ℱ fading scenarios, respectively, for different scenarios and ‫ܣ‬ = 1.
In all figures, when ݉ in ߢ − ߤ shadowed and ݉ ௦ FisherSnedecor ℱ is high, the shadowing impact is reduced. This would lead to improve the performance. Moreover, when ߢ or/and ߤ increase, the detection capability of CRU and the effective rate become better. This refers to high power of dominant component in comparison with the scattered parts and the large number of clusters that arrives at the receiver, respectively. 
VII. CONCLUSIONS
The performance of CR systems over ߢ − ߤ shadowed and Fisher-Snedecor ℱ, is analyzed in this paper. A simple closedform exact PDF of the SNR over ߢ − ߤ shadowed fading condition is derived first via supposing both ߤ and shadowing severity index are integer numbers. This PDF is then used to analyze the behavior of ED and effective rate of CDU. In the second part, the Fisher-Snedecor ℱ fading condition which is recently proposed as a generalized composite distribution is employed. From the results, it can be noted that the performance becomes better when any of the fading parameters increase. Moreover, our derived results can provide a good analysis about the behavior of energy detection as well as the effective rate at different scenarios of shadowing impacts.
